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INTRODUCTION 
Generally, orchards in the subhumid region of the Midwest receive 
enough rainfall to survive and produce a crop without irrigation, but 
periods of temporary water stress may severely lessen orchard yields and 
tree longevity. The recent droughts in 1976 and 1977 are an example of 
this and have made the concept of supplemental irrigation in subhumid re-
gions quite attractive. 
Of the irrigation systems available to the orchardist, trickle irri-
gation has been shown to be a very effective means to deliver water in 
arid regions (7, 8). To an extent, studies have also shown its efficacy 
for humid regions (18, 21, 61, 62). 
The fertility of an orchard is also important for sustaining produc-
tivity. Among the nutrients used in orchard fertilization programs, ni-
trogen is the most consequential. The high demand for nitrogen by fruit 
trees and their relative inefficiency to extract soil applied nitrogen 
{43, 69) necessitates a more effective means of nitrogen fertilization. 
Increased fertilizer efficiency has been achieved by applying nutrients 
through trickle irrigation in small amounts over a period of time (8, 16, 
61, 63). This has been shown to be especially true for nitrogen {61, 63). 
Despite the paucity of published research on trickle irrigation, it 
has promising potential as a means to deliver water and fertilizer. This 
study was initiated to explore that potential. The objective of this re-
search was to determine the influence of trickle irrigation and the in-
jection of nitrogen through trickle irrigation on apple tree growth, 
yield, nitrogen fertilizer utilization and overall tree nutrition. 
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LITERATURE REVIEW 
Annual productivity of apple trees is dependent upon adequate nutri-
tion and water. Trickle/drip irrigation has been shown to be a reliable 
means to deliver both of these (8, 13). 
Although relatively new, trickle irrigation has resulted in increased 
water use efficiency over that of conventional irrigation methods (7, 10, 
11, 24, 31, 59, 60). It has the further advantages of eliminating fungal 
infections related to excessive wetting of foliage (13, 35), preventing 
excessive fluctuation of soil moisture (29, 35), allowing irrigation with 
brackish water (35), and lowering installation costs, labor and energy 
requirements (8, 33). 
The influence of drip irrigation on fruit trees has generally been 
favorable. When compared to no irrigation, its use has resulted in in-
creased shoot growth (19, 21, 23, 38, 51), trunk growth (19, 38, 47, 51), 
and number of shoots (19, 47). When compared to conventional methods of 
irrigation, the results have been more variable. Bartholic et al. (5) 
and Middleton et al. (42) found no difference in tree growth between 
trickle and sprinkle irrigation. Proebsting et al. (49) found that trick-
le irrigation reduced shoot length but increased the number of shoots. In 
a review on trickle irrigation in ariij regions, Halvey et al. (31) report-
ed increased fruit tree growth over both furrow and sprinkler irrigation. 
Reeder et al. (51) found similar results with peach. 
' 
Root development under trickle irrigation has been reported to be 
denser, and more fibrous and compact, when compared to sprinkle or no 
irrigation (9, 31, 34, 48, 51), while in arid climates specifically, 
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restricted vertical extension of roots has been noted (31). An increase 
in the effectiveness of the water transportation by the root system has 
also been shown for trickle irrigation (9, 10, 34). 
Increased precocity of apple trees (49) and increased number of 
flower buds on peach trees (51) have been reported with trickle irriga-
tion as compared to sprinkle and no irrigation. During drought conditions 
in Iowa, Khosravi (38) found an increase in return bloom on apple trees 
under trickle irrigation in comparison to no irrigation. 
Yield responses to trickle irrigation are favorable for the most 
part. Reports include increased yields of peach (5, 51), apple (21, 31, 
49), olive (17), and other fruit trees (31). However, some studies have 
found either no difference in yield for apple (23, 38, 61, 62), peach (31) 
and orange (2) or a reduction in yield for apple trees (31, 45). 
Data on the influence of trickle irrigation on fruit size have been 
inconsistent. Increased fruit size of apple (31, 38) and peach (51) 
has been reported when compared to no irrigation, and for pear when 
compared to furrow irrigation (59, 60). In most instances, however, there 
has been no difference (21, 23, 31, 49, 61, 62) or for pear, a decrease 
in size when compared to sprinkler methods (59). Smith (61) and Smith 
and Kenworthy (62} explained the lack of increase in fruit size by the 
decrease in preharvest drop under trickle irrigation. Halvey et al. (31) 
suggested that it was due to larger yields. 
Fruit quality has been reported to be affected by trickle irrigation. 
For apples, trickle irrigation resulted in higher color development (31), 
but reduced soluble solids (38, 61, 62). During storage, a higher total 
concentration of sugar (18) and a reduction of Bitter pit (31) was found 
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for trickle irrigated apples compared to those irrigated conventionally. 
Others, however, have shown no difference in storage quality or storage 
disorders of apples (18, 21, 38). 
Higher continual soil moisture found under trickle irrigation may 
facilitate nutrient uptake (12, 40, 45, 61, 62, 68). In a drought year 
in Iowa, increased concentrations of P and B, and decreased concentra-
tions of Zn, Ca, Mn, and Mg were found for trickle irrigated apple trees 
(33). Similarly, Smith and Kenworthy (62) found that trickle irrigation 
increased leaf concentrations of Na, Ca, Mg and Al in sour cherry, of P, 
Cu and Al in peach and p1 urn, while it decreased the concentrations of Ca, 
Mn, Fe, B and Al in apple trees. Ponder and Kenworthy (47) found that 
shade trees under trickle irrigation had reduced N and increased K. How-
ever, others have reported no consistent change in the nutrient concentra-
tion of leaves under trickle irrigation (2, 20, 47}. 
The application of fertilizer through the trickle irrigation system 
has been reported to improve fertilizer efficiency (16, 31, 61, 63) and 
increase flexibility in timing orchard fertilization (13). This improved 
fertilizer efficiency is reported by Bresler (13) and Phene and Beale (46) 
to be due to continuous applications of small amounts of nutrients to the 
zone of greater root activity and to minimal 1 eaching of nutrients beyond 
the root zone. Smith (61} reported that for ammonium forms of N, it was 
due to reduced volatilization, runoff and NH4+ fixation. 
The efficacy for fertilization through drip irrigation has been re-
ported for I< (67}, Zn (39), P (50), and N (63). Potassium applied through 
trickle irrigation to prune trees (67} and in a solution delivered in the 
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puddle area under the emitters to apple trees (30) has resulted in im-
proved K uptake over broadcast fertilization. Nevertheless, 1 imited 
mobility of K under trickle irrigation has been noted (27, 30). Re-
searchers have applied Zn (39) and P in numerous forms (27, 50, 52, 53, 
54, 65) through trickle irrigation but their limited mobility in the soil 
has restricted such fertilization practices. 
Goldberg et al. (27) reported that elements which have low solubility 
or those which become fixed and insoluble upon contact with soil should 
not be applied through trickle irrigation systems. They concluded that 
mobile elements such as N have greatest efficiency when applied through 
trickle irrigation. Bar-yosef and Sheikholslami (6) also inferred that 
N may be more suitable for injection than less mobile elements such as P. 
Efficient application of N through trickle irrigation to fruit crops has 
been well-documented (2, 16, 25, 31, 55, 61, 63). For apple, peach, and 
sour cherry, the injection of N through trickle irrigation resulted in a 
50% reduction in the amount of fertilizer needed compared to broadcast 
application (18, 61, 63). Smith et al. (63) concluded that "a localized 
application of N to the most active roots could decrease the amount of N 
required for the same plant response." Supporting these results, Frith 
and Nichols (24) found that when apple tree roots were divided into sec-
tions, a 2/3 portion of the root section could assimilate as much nitrate 
N as the whole root system. 
The present research was done to determine the influence and efficacy 
of trickle irrigation and of the application of N through trickle irriga-
~ tion on apple tree growth, fruiting, N fertilizer usage and overall nutri-
tion in a subhumid climate. 
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MATERIALS AND METHODS 
To study the influence of trickle irrigation as a means to deliver 
water and nitrogen to bearing apple trees (Malus domestiaa Bork.} under 
the subhumid climate of Iowa, the following experiment was conducted at 
the Iowa State University Horticulture Station. The study was initiated 
in Spring of 1978 and terminated in the Fall of 1979. 
The treatments were all combinations of two levels of N, as urea, 
applied by three methods of application. The application methods were 
broadcast, broadcast with trickle irrigation, and N applied through the 
trickle irrigation system (injection). The normal grower rate of 18g 
N/cm of average trunk (rootstock) diameter (14) established the higher 
rate of N and the lower rate was 9g N/cm of average rootstock diameter. 
These rates in 1978 were 217g of urea/tree and 108g of urea/tree and in 
1979, 266g urea/tree and 133g urea/tree. Treatments were applied on four 
cultivars of apples: 'Starkrimson', 'Goldspur', •Jonared' and 'Chief-
tain'. 'Starkrimson' and 'Goldspur' are spur type strains of 'Delicious' 
and 'Golden Delicious• respectively. 'Jonared' is a redder strain of 
'Jonathan•. The trees, planted in 1973, were dwarfed by one of six inter-
stems: Clark dwarf, M27, M26, C52, C48, or C6. 
The experimental design was a split plot. Whole plots were culti-
vars, which were arranged in a randomized complete block. Subplots were 
treatments (2x3 factorial) which were randomized in a Latin Square (15}. 
Interstems were rows and block positions were columns. A Latin Square 
was necessary to remove the influence of the interstems which were planted 
in pairs in a repeated series throughout the blocks. Each experimental 
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unit had one pair of trees. Each treatment was replicated six times for 
each cultivar. 
Broadcast treatments were applied April 26, 1978 and April 23, 1979. 
Due to a delay in the installation of the trickle irrigation system, in-
jection treatments were not started in 1978 until June 13 (three weeks 
after full bloom). In 1979 they were started on May 10 (two weeks before 
full bloom). The injection treatments were applied in equal weekly 
amounts for one month. 
Because of limitations set by the experimental design, no guard trees 
could be used. Instead, the broadcast fertilizer treatments were spread 
around the inner half of each tree pair. Emitters for injection appli-
cations were placed at the drip line in the inner half of each tree pair. 
Irrigation rates were based on 75% of the weekly net water loss from 
an evaporation pan, as described by Kenworthy {37). When large amounts of 
rainfall occurred, irrigation was not recommenced until soil tensiometers 
reached 0.3 bars tension at the one foot depth. In 1978, irrigation was 
started June 13 and applied when needed through August. Due to an above 
average rainfall for the 1979 growing season, no irrigation was necessary 
aside from-that needed to apply the fertilizer treatments. The orchard 
soil was, for the most part, a Clarion silt loam (fine loam, mixed 
mesic typic Hapludoll). A sod culture of bluegrass was maintained between 
rows, with a clear strip in the rows. 
Trunk circumference, shoot growth, flowering, fruit yield and qual-
ity, and mineral nutrient uptake were measured as response variables. To 
measure the change in trunk circumference, measurements at the beginning 
of the experiment and at the end of the growing season were taken on the 
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rootstock 6cm below the rootstock/interstem graft union and on the scion 
taken 6cm above the scion/interstem graft union. As a measurement of 
tree vigor, the leading terminal shoot was measured. Tree height and tree 
spread were also measured at the end of each growing season and used to 
calculate tree volume. For the determination of flowering, fruit develop-
ment, and yield, a number of parameters were determined. These included 
percentage return bloom, percentage fruit set, fruit size, and because of 
large variation in tree size, yield in kg/m3 of tree volume {57). Fruits 
were sized and graded on a Greefa fruit sizer into 7 categories: <o.35cm, 
6.35-6.98cm, 6.98-7.62cm, 7.62-8.25cm, 8.25-8.89cm, >8.89cm, and culls 
(bruised, insect damaged, and diseased). 
To determine the treatment influence on mineral nutrient uptake, 
midterminal leaf samples were collected on June 25 and July 31 in 1978, 
and June 13 and July 24 in 1979. The June leaf samples were taken to 
determine how quickly N uptake occurred. The July leaf samples were taken 
to assess the general nutritional status of the trees. To avoid the 
c~mplication of washing off pesticide contaminants, leaf sampling was 
done after a very heavy rainfall. Leaves were dried in a forced air 
dryer at 60°C for at least 48 hrs, and ground in a Wiley mill to pass a 
40 mesh screen. 
Total N was determined on leaves sampled in June and July in both 
years and analyzed according to the micro-Kjeldahl method described by 
Nelson and Sommers {44). Phosphorus, K, Ca, Mg, Mn, Fe, and Zn were de-
termined for leaf samples collected in July of both years. To prepare 
samples for analysis 0.50g of oven dried leaf tissue was ashed at 550°C 
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in a muffle furnace for six hours. The residue was taken up in 5 ml 1:1 
HCl, boiled, filtered and brought up to 50 ml volume with distilled 
water. Phosphorus was determined by Vandomolybdo Phosphoric Yellow Color 
Method in HCl system (36). Potassium, Ca, Mg, Mn, Fe, and Zn, were de-
termined on a Perkin-Elmer model 403 Atomic Absorption Spectrophotometer. 
Due to the high incidence of Jonathan spot and Bitter pit in 1978, 
culls were sorted on the percentage by weight of these physiological dis-
orders. In 1979, ten apples per tree were held in storage for two months 
at 32°F and indexed for color and development of disorders. Color was 
ranked for the red cultivars as: 1 = dark red, 2 = medium red, 3 = light 
red; for •Goldspur• as: 1 =yellow, 2 = turning, 3 =green. 
Statistical analysis of data was by Fisher F test on five orthogonal 
comparisons, each with a single degree of freedom (4, 64). The components 
of the orthogonal comparison were N fertilizer levels, trickle irrigation, 
N application method and the interactions between N levels and trickle 
irrigation, and N levels and N application method. Because the perfor-
mances of the cultivars were so different, it was appropriate to present 
a separate analysis for each cultivar. 
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RESULTS 
During the growing season, pan evaporation and precipitation were 
monitored daily, with irrigation being scheduled from 75% of the net 
evaporation of the previous week. To provide an overview of the data, 
monthly sums were compiled (Table 1). Based on a 20-year average, rain-
fall was above average for July and September in 1978, and for all months, 
except September in 1979. Net water loss usually exceeded net water gain, 
but this difference was very minor in 1979 and occurred for only three 
months in 1978. As a consequence some irrigation was required in 1978 but 
not in 1979. To aid in hardening the trees for the winter, irrigation was 
discontinued in September. 
Table 1. Pan evaporation and rainfall in millimeters of water per month 
during the spring and summer of 1973 and 1979 
Precipitation Evaporation Net loss Net gain 
(mm) ( ITfl1) (mm) ( ITfl1) 
20 
vear 
Month ave. a 1978 1979 1978 1979 1978 1979 1978 1979 
May 108 88 123 151 182 63 60 
June 132 103 182 221 197 118 15 
July 84 246 149 190 173 24 56 
August 98 38 146 184 134 146 12 
Sept. 83 158 64 119 145 62 39 
a Shaw and \~a i te (58) . 
Tree Growth 
Changes in trunk circumference, and growth of the leading terminal 
were measured to determine the influence of nitrogen fertilizer rates, ni-
trogen application method and trickle irrigation on apple tree growth. 
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The effect of the treatments on the increase in trunk circumference 
was inconsistent (Table 2). In 1978, for 'Starkrimson' there was a great-
er increase in rootstock circumference associated with the low N rate than 
with the high N rate. This trend was also evident for 'Goldspur', 'Jona-
red' and 'Chieftain' in 1978, and for 'Starkrimson' and 'Chieftain' in 
1979. The nitrogen application method did not result in a difference in 
rootstock circumference increase. Although there was no difference in 
the growth rate of rootstock circumference due to trickle irrigation, a 
trend was evident for a reduction of this growth rate under trickle for 
all cultivars except 'Goldspur' in 1978. 
For scion circumference increase there was no difference due to N 
rate or application method (Table 2), although it was numerically greater 
at the high N rate in 1978 for 'Starkrimson', 'Goldspur' and 'Jonared', as 
it was for broadcast for 'Goldspur', 'Jonared' and 'Chieftain' in 1978. 
For 'Starkrimson' in 1978 and for all cultivars in 1979, this nonsignifi-
cant trend for greater increase in scion circumference with broadcast 
was reversed. For 'Chieftain' in 1978 the increase in scion circumference 
was greater under trickle irrigation compared to no trickle irrigation, 
while for 'Goldspur' in 1979, the opposite was true. In 1979, scion 
circumference increase was numerically greater under trickle irrigation 
for 'Starkrimson' and 'Goldspur'. Overall, in 1979, the rate of change 
in trunk circumference was less than in 1978, with the exception of 
'Starkrimson'. 
The growth of the leading terminal was not affected by N rate or ap-
plication method (Table 3). For 'Starkrimson' in 1979 trickle irrigation 
reduced terminal growth. For 'Goldspur' in 1978 and 'Jonared' and 
Table 2. Mean comparison of the effects of nitrogen level, nitrogen application method, and trickle 
irrigation on rootstock and scion circumference increase of apple trees in 1978 and 1979 
Starkrimson Goldspur Jonared Chieftain 
Comparison 1978 1979 1978 1979 1978 1979 1978 1979 
Rootstock circumference increase (em 
High Na vs. 2.59* 3.79 3.68 2.45 3.50 3.28 3.27 1.77 
Low N 3.08 4.48 4.43 2.43 3.81 2.65 3.81 2.65 
Broadcast vs. 2.72 4.32 4.18 2.74 3.59 2.91 3.63 1.49 
Injection 3.07 3.78 2.55 2.55 3.79 2.08 3.48 2.11 
Trickle vs. 2.45 4.16 4.48 2.07 3.47 2.87 3.56 1.38 
No Trickle 2.98 4.48 3.87 3.40 3.75 2.96 3.70 1.51 
Scion circumference increase (em) 
....... 
N 
High N vs. 2.78 6.32 5.39 3.51 5.27 3.88 4.28 2.36 
Low N 2.40 6.29 4.60 3.61 4.49 5.03 4.58 1.67 
Broadcast vs. 2.69 6.27 5.40 3.23 5.20 4.21 4.47 1.81 
Injection 3.25 6.36 4.19 4.24 4.44 4.96 4.17 2.44 
Trickle vs. 3.05 6.41 4.70* 3.54 4.90 4.37 5.18** 1.11 
No Trickle 2.34 6.14 6.09 2.91 4.85 5.50 3.76 2.57 
a Uigh N is 18 g N/cm of rootstock diameter, low N is 9 g N/cm rootstock diameter. 
* ** ' ' Significance based on F test at 5% (*), and 1% (**) level. 
Table 3. Mean comparison of the effects of nitrogen level, nitrogen application method, and trickle 
irrigation on terminal growth of apple trees in 1978 and 1979 
Terminal growth (em) 
Starkrimson Goldsour ~_nared Chieftain 
Comparison 1978 1979 1978 1979 1978 1979 1978 1979 
High Na vs. 44.5 42.7 50.1 34.0 53.4 35.0 46.0 46.0 
Low N 45.8 39.8 47.3 36.5 48.6 34.2 48.1 42.0 
Broadcast vs. 44.2 33.9 50.5 36.1 51.0 29.6 47.4 43.4 
Injection 47.0 44.4 45.7 33.6 50.0 34.2 46.3 45.6 
Trickle vs. 43.0 22.9** 51.8 34.7 53.0 36.6 49.2 48.0 ...... 
No trickle 45.3 45.0 44.5 37.4 49.0 22.5 45.6 38.8 w 
a High N is 18 g N/cm of rootstock diameter, low N is 9 g N/cm rootstock diameter. 
** Stgnificance based on F test at 1% level. 
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'Chieftain' in 1978 and 1979, terminal growth was numerically increased 
under trickle irrigation. 
Flowering and Fruit Development 
Return bloom and fruit set were measured to determine the influence 
of the treatments on flowering and fruit development. The return bloom 
of 'Chieftain' was increased at the high N rate, but for the other culti-
vars there was no difference due toN rate (Table 4). Broadcast appli-
cation of N increased return bloom over that of injection for 'Jonared' 
and to a lesser extent for 'Goldspur'. Trickle irrigation did not result 
in any difference in return bloom. 
Table 4. Mean comparison of the effects of nitrogen level, nitrogen 
application method and trickle irrigation on return bloom of 
apple trees in 1979 
Return bloom (%) 
Comparison 'Starkrimson' 'Goldspur' 'Jonared' 'Chieftain' 
High Na vs. 39 67 77 73* 
Low N 34 68 81 65 
Broadcast vs. 37 70 79** 68 
Injection 37 61 72 72 
Trickle vs. 40 71 74 67 
No trickle 33 69 84 69 
a High N is 18g N/cm of rootstock diameter, low N is 9g N/cm of 
rootstock diameter. 
* ** ' Significant based on F test at 5% (*)and 1% (**) level. 
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Fruit set was not influenced by theN fertilizer rate (Table 5), al-
though for 'Chieftain', in 1979, the fruit set was numerically greater at 
the low N rate. The effect of the application method on fruit set varied 
with cultivars. Injection increased fruit set for 'Starkrimson' in 1978 
and to a lesser extent for 'Starkrimson' and 'Goldspur' in 1979. On the 
other hand, broadcast increased fruit set of 'Jonared' in 1978, while a 
similar but nonsignificant trend was evident on 'Chieftain' in 1978 and 
1979. There was a nonsignificant trend for an increase in fruit set 
under trickle irrigation for the cultivars 'Starkrimson', 'Goldspur' and 
'Chieftain' in both years. 
Table 5. Mean comparison of the effects of nitrogen level, nitrogen 
application method, and trickle irrigation of fruit set of 
apple trees in 1978 and 1979 
Fruit set (!er 100 flower clusters 
Starkrimson GoldSEUr Jonared Chieftain 
Comparison 1978 1979 1978 1979 1978 1979 1978 1979 
High N vs. 62 126 4 286 12 129 23 92 
Low N 71 116 8 273 14 128 21 255 
·Broadcast vs. 55* 116 5 271 16* 129 24 211 
Injection 93 132 8 295 7 128 16 114 
Trickle vs. 73 124 7 276 13 126 31 292 
No Trickle 39 107 4 268 21 131 17 131 
a High N is 18 g N/cm of rootstock diameter, low N is 9 g N/cm 
rootstock diameter. 
* Significance based on F test at 5% level. 
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An interaction between the influence of trickle irrigation and nitro-
gen rate was evident for fruit set on 'Chieftain' in 1978 (Table 6). 
Trickle irrigation increased fruit set of the low N rate while at the 
high rate there was no difference due to trickle. 
Table 6. The influence of trickle irrigation and nitrogen level on fruit 
set of 'Chieftain' apples tn 1978 
Nitrogen level 
g N/cm of 
rootstock diameter 
18 g 
9 g 
---Fruit set per 100 flower clusters --
Trickle irrigaticin-
27 
35 
Fruit Yield and Size 
No trickle irrigation 
28 
7 
\ 
Fruit yield in kg/m3 of tree volume and the percentage of large 
fruit were measured as parameters of yield and fruit size. The yield per 
tree volume was increased for 'Starkrimson' in 1979 at the low N rate 
(Table 7). A similar but nonsignificant trend was evident for 'Starkrim-
son', 'Goldspur', and 'Jonared' in 1978, and 'Goldspur' in 1979. For 
'Chieftain' in both years this trend was reversed. Broadcast application 
of nitrogen increased the yield of 'Goldspur• tn 1979, and 'Jonared' in 
1978 and 1979. A similar but nonsignificant trend was evident for 'Chief-
tain' tn both years, while for 'Starkrimson' and 'Goldspur' in 1978, this 
trend was reversed. Trtckle irrigatton increased the yield of 'Goldspur' 
i'n 1979. Stmilar, but nonsignificant, increase in yield occurred under 
trickle irrigation for 'Starkrimson' in both years, and for 'Jonared' in 
1979 and 'Chieftain~ in 1978. 
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Table 7. Mean comparison of the effects of nitrogen level, nitrogen appli-
cation method, and trickle irrigation on yield of apple trees in 
1978 and 1979. 
Starkrimson Goldsf!ur Jon a red Chieftain 
Comparison 1978 1979 1978 1979 1978 1979 1978 1979 
Yield (Kg/m3 of tree volume)a 
High Nb vs. 1.97 2.39* .22 7.64 .44 2.67 .90 3.08 
Low N 2.27 3.57 .40 7.95 .44 3.29 .69 2.58 
Broadcast vs. 1.83 3.02 .26 8.32* .56* 3.32* . 91 2.88 
Injection 2.74 2.97 .41 6.97 .19 2.42 .53 2.67 
Trickle vs. 2.08 3.15 .28 9.10* .51 3.54 1.15 2.66 
No trickle 1.58 2.90 .24 7.54 .62 3.10 .68 3.11 
a Tree volume= 1/8 spread2~(height-0.38). 
b High N is 18 g N/cm of rootstock diameter, low N is 9 g N/cm 
rootstock diameter. 
* Significance based on F test at 5% level. 
The yield per tree volume of 'Starkrimson' and 'Chieftain' in 1979 
was influenced by an interaction between nitrogen application method and 
nitrogen level (Table 8). Injection increased the yield of 'Starkrimson' 
over broadcast fertilization at the high N rate, but reduced it at the 
low rate. For 'Chieftain' broadcast increased the yield at the high N 
rate while at the low N rate there was no difference due to application 
method. 
In both years an interaction was evident between the effect of 
trickle irrigation and nitrogen rate on fruit yield per tree volume for 
'Chieftain' (Table 9). In 1978, trickle irrigation did not influence 
the yield at the high N rate, while at the low N rate it increased the 
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yield. In 1979 trickle irrigation decreased the yield at the high N rate 
but increased the yield at the low N rate. 
Table 8. The influence of nitrogen application method and nitrogen level 
on the yield of 'Starkrimson' and 'Chieftain' in 1979 
Nitrogen 1 eve 1 
g N/cm 
rootstock diam. 
----- Yield {kg/m3 tree volume)a _____ _ 
18 g 
9 g 
-- Starkrimson --
Broadcast Injection 
2.07 
3.95 
3.16 
2.82 
. aTree volume= 1/8 spread2~(height-.38). 
--Chieftain ---
Broadcast Injection 
3.34 
2.46 
2.87 
2.48 
Table 9. The influence of trickle irrigation and nitrogen level on yield 
of 'Chieftain' apples in 1978 and 1979 
Yield (kg/m3 of tree volume)a 
Nitrogen level 1978 1979 g N/cm of 
rootstock diam. Trickle No trickle Trickle No trickle 
18 g 1.06 1.13 2.33 4.16 
9 g 1.24 .26 2.78 2.15 
aTree volume = 1/8 spread2~(height-.38) 
The percentage of large fruit was not affected by N level or trickle 
irrigation (Table 10). For 'Goldspur' in 1979 and 'Jonared' in 1978 the 
percentage of large fruit increased under broadcast fertilization. A 
similar but nonsignificant trend was evident for 'Starkrimson' and 'Gold-
spur' in 1978 and for • Jonared • in 1979. 
Table 10. Mean comparison of the effects of nitrogen level, nitrogen application method, and trickle 
irrigation on the percentage of large fruitsa of apple trees in 1978 and 1979 
Percentage of large fruitsa 
Starkrimson Golds pur Jonared Chieftain 
Comparison 1978 1979 1978 1979 1978 1979 1978 1979 
High Nb vs. 59 27 61 27 39 23 59 36 
Low N 66 30 50 28 36 22 70 36 
Broadcast vs. 65 24 63 31* 43* 24 64 38 
Injection 59 27 57 22 22 20 63 35 
Trickle vs. 65 28 56 31 46 22 64 38 
1-' 
No trickle 64 29 49 30 40 26 64 34 1.0 
a Fruits greater than 7.62 em in diameter. 
b High N is 18 g N/cm of rootstock diameter, low N is 9 g N/cm rootstock diameter. 
* Significance based on F test at 5% level. 
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Fruit Quality 
Fruit color was not affected by N fertilizer rate, or trickle irriga-
tion {Table 11). The fruit color of 'Jonared' was improved under injec-
tion, while for other cultivars there was no difference due to application 
method. 
Table 11. Mean comparison of the effects of nitrogen level, nitrogen ap-
plication method, and trickle irrigation on fruit color of 
apple trees in 1979 
--------- Fruit colora -------
Comparison Starkrimson Goldspur Jonared Chieftain 
High Nb vs. 2.0 1.9 1.9 
Low N 2.0 1.9 1.7 
Broadcast vs. 2.0 1.9 1.9* 
Injection 2.0 1.8 1.5 
Trickle vs. 2.0 1.9 1.9 
No trickle 2.0 1.9 1.9 
a For 'Starkrimson', 'Jonared', and 'Chieftain': 1) dark red; 
2.0 
1.9 
2.0 
1.8 
2.2 
1.8 
2) medium red; 3) light red. For 'Goldspur': 1) yellow; 2) turning; 
3) green. 
b High N is 18 g N/cm of rootstock diameter, low N is 9 g N/cm 
rootstock diameter. 
* Significance based on F test at 5% level. 
There was no difference in the occurrence of physiological disorders 
due to N level (Table 12). However, in 1978 a nonsignificant trend for 
decreased disorders was associated with low N for 'Goldspur' and high N 
for 'Jonared'. The influence of the method of application on disorders 
varied with the year. In 1978, 'Chieftain' had reduced disorders with 
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injection. 'Goldspur' and 'Jonared' in 1978 had a similar but nonsig-
nificant trend. In 1979~ 'Goldspur' had reduced disorders with broad-
cast fertilization. Although there was no difference in the occurrence of 
physiological disorders due to trickle irrigation, they were numerically 
reduced for 'Goldspur' in 1978 by trickle irrigation. 
Table 12. t1ean comparison of the effects of nitrogen level, nitrogen 
application method, and trickle irrigation on gercentagebof 
physiological disorders of apple trees in 1978 and 1979 
Physiological disorders (%) 
Starkrimson Golds~ur Jon a red Chieftain 
Comparison 1978 1979 1978 1979 1978 1979 1978 1979 
High Nc vs. 5 0 31 11 15 11 
Low N 5 0 19 14 44 14 
Broadcast vs. 6 0 32 12* 34 13 
Injection 4 0 16 18 16 10 
Trickle vs. 6 0 20 9 33 11 
No trickle 5 0 45 12 35 15 
a Percentage of Bitter pit and Jonathan spot two weeks after 
harvest. 
6 
4 
8* 
1 
8 
7 
b For 'Starkrimson', 'Jonared', and 'Goldspur', the percentage of 
Bitter pit and Jonathan spot from a stored sample two months after har-
vest; for 'Chieftain' the percentage of water core from a stored sample 
two months after harvest. 
c High N is 18 g N/cm of rootstock diameter, low N is 9 g N/cm 
rootstock diameter. 
* Significance based on F test at 5% level. 
12 
17 
13 
17 
18 
19 
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Leaf Analysis 
To determine the influence of the treatments on the nutrient status 
of the trees, leaf samples were collected and analyzed. 
In both years the level of N fertilizer and trickle irrigation had no 
effect on the concentration of June N (Table 13). In 1978, broadcast in-
creased June N over that of injection for 'Starkrimson', 'Jonared' and 
'Chieftain' with a similar but nonsignificant trend evident for 'Goldspur'. 
In 1979, this trend continued for 'Starkrimson' and 'Goldspur', while for 
'Jonared' and 'Chieftain' there was no difference due to application 
method. July N was not affected by N level, N application method, or 
trickle irrigation in both years (Table 13). 
July N concentration of 'Goldspur' in 1978 and 'Starkrimson' in 1979 
was affected by an interaction between trickle irrigation and N rate 
(Table 14). Comparing trickle irrigation versus no trickle irrigation 
for 'Goldspur', at the high N rate, an increase in July N was associated 
with no trickle irrigation, while at the low N rate the increase was 
associated with trickle. For 'Starkrimson' the opposite was true. 
Nitrogen level and trickle irrigation did not affect the leaf P con-
centration (Table 15). Injection increased leaf Pin 'Jonared' in 1978 
and 'Chieftain' in 1979. 
The concentration of K was increased at the low N rate for 'Jonared' 
in 1979 (Table 15). Similar but nonsignificant trends were also evident 
for 'Goldspur' in 1979 and 'Chieftain'. In 1978, broadcast application 
increased the leaf K of 'Starkrimson' and 'Chieftain', with a similar but 
nonsignificant trend evident for 'Goldspur' and 'Jonared', while in 1979 
no differences were evident. Trickle irrigation did not influence leaf K 
in either year. 
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Table 13. Mean comparison of the effects of nitrogen level, nitrogen ap-
pltcation method, and trickle irrigation on June and July 
nitrogen concentrations of apple leaves in 1978 and 1979 
Starkrimson Golds~ur Jon a red Chieftain 
Comparison 1978 1979 1978 1979 1978 1979 1978 1979 
June N (%dry wt.) 
High Na vs. 2.27 2.60 2.00 2.44 2.45 2.80 2.14 2.51 
Low N 2.37 2.62 2.22 2.39 2.39 2.80 2.01 2.49 
Broadcast vs. 2.40** 2.66 2.13 2.44 2.49* 2.82 2.14** 2.50 
Injection 2.12 2.47 2.06 2.30 2.28 2.77 1.83 2.52 
Trickle vs. 2.37 2.51 2.13 2.43 2.51 2.84 2.15 2.53 
No trickle 2.44 2.80 2,13 2.30 2.48 2.80 2.15 2.45 
July N (%dry wt.) 
High N vs. 2.33 2.50 2.33 2.44 2.20 2.33 2.20 2.18 
Low N 2.33 2.46 2.68 2.40 2.15 2.33 2.25 2.19 
Broadcast vs. 2.29 2.50 2.32 2.45 2.18 2.31 2.17 2.15 
Injection 2.47 2.44 2.26 2.35 2.18 2.38 2.35 2.18 
Trickle vs. 2.30 2.53 2.34 2.24 2.17 2.34 2.26 2.19 
No trickle 2.28 2.48 2.30 2.56 2.18 2.29 2.09 2.12 
a High N is 18 g N/cm of rootstock diameter, low N is 9 g N/cm 
rootstock diameter. 
* ** ' Significance based on F test at 5% (*), and 1% (**) 1 evel . 
Table 14. The influence of trickle irrigation and nitrogen level on the 
concentration of July nitrogen in'Goldspur' in 1978 and 
'Starkrimson' in 1979 
July N (% dry wt.) 
Nitrogen 1 evel 1978 1979 
g N/cm of Goldspur ------Starkrimsor1 
rootstock diam. Trickle No Trickle Trickle No Trickle 
18 g 2.19 2.43 2.65 2.36 
9 g 2.48 2.17 2.40 2.60 
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Table 15. Mean comparison of the effects of nitrogen level, nitrogen 
application method, and trickle irrigation on phosphorus and 
potassium concentrations of apple leaves in 1978 and 1979. 
Starkrimson Goldspur Jon a red Chieftain 
Comparison 1978 1979 1978 1979 1978 1979 1978 
Phosphorus (% dry wt.) 
High Na vs. .26 .22 .33 .21 .23 .21 .26 
Low N .25 .22 .28 .22 .23 .20 .30 
Broadcast vs. .28 .23 .32 .22 .22* .21 .27 
Injection .26 .22 .28 .23 .25 .20 .31 
Trickle vs. .25 .23 .39 .21 .21 .22 .27 
No trickle .35 .23 .25 .22 .23 .20 .27 
Potassium (%dry wt.) 
High N vs. . 92 .88 1.13. .87 .84 .72** 1.07 
Low N .91 .88 1.14 .94 .86 .81 1.14 
Broadcast .94* .87 1.15 .89 .87 .78 1.20 * 
Injection .86 .92 1.10 .93 .81 .75 1.05 
Trickle .99 .84 1.15 .95 .87 .80 1.08 
No trickle .91 .90 1.15 .88 .87 .76 1.03 
a High N is 18 g N/cm of rootstock diameter, low N is 9 g N/cm 
rootstock diameter. 
* ** ' Significance based on F test at 5% (*),and 1% (**) level. 
1979 
.22 
.23 
.21* 
.25 
.21 
.21 
.97 
.96 
.92 
.96 
.89 
.96 
In both year$ 1 eaf Ca was not affe~ted by N 1 evel, application meth-
od, or trickle irrigation (Table 16). There was, however, a nonsignifi-
cant trend for increased Ca under broadcast for 'Starkrimson', 'Jonared', 
'Chieftain' in 1979 and 'Goldspur• in 1978. 
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In 1978, Ca levels were affected by an interaction between N rate and 
N application method for 'Goldspur' and between N rate and trickle irriga-
tion for 'Chieftain' {Table 17). For 'Goldspur', application method did 
not influence leaf Ca at the high N rate, while at the low N rate broad-
cast increased leaf Ca over that of injection. For 'Chieftain' under 
trickle, a reduction in leaf Ca was associated with the high N rate, while 
without trickle, the opposite was true. 
In,both years the Mg concentrations were not affected by N rate, 
method of application, or by the use of trickle irrigation {Table 16). 
The Fe concentration of 'Goldspur', 'Jonared' and 'Chieftain' was 
not affected by the use of N rate, application method or trickle irriga-
tion in 1978 or 1979 {Table 18). For 'Starkrimson' in 1979, decreased 
Fe was associated with the use of trickle irrigation, while neither the 
N rate nor application method affected the concentration. The concen-
tration of Zn in 1978 and 1979 was not influenced by any of the treat-
ments {Table 18). 
The N rate had a strong influence on leaf Mn {Table 19). The high 
N rate increased the Mn concentration of 'Jonared' in both years and 
'Goldspur' and 'Chieftain' in 1979. Neither the application method nor 
trickle irrigation affected leaf Mn. 
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Table 16. ~1ean comparison of the effects of nitrogen 1 eve 1 ~ nitrogen 
application method~ and trickle irrigation on calcium and 
magnesium concentration of apple leaves in 1978 and 1979 
Starkrimson Goldsour Jon a red Chieftain 
Comparison 1978 1979. 1978' 1979 1978 1979 1978 1979 
Calcium{% dry wt.) 
High Na vs. 1.16 .95 1.26 1.30 1.20 1.24 1.06 .97 
Low N 1.13 .95 1.26 .133 1.10 1.16 1.09 1.10 
Broadcast vs. 1.15 .98 1.29 1.31 1.17 1.17 1.09 1.01 
Injection 1.13 .91 1.20 1.35 1.16 1.11 1.06 .96 
Trickle vs. 1.11 1.02 1.28 1.28 1.13 1.24 1.09 1.07 
No trickle 1.18 .94 1.30 1.35 1.20 1.14 1.08 .96 
Magnesium {%dry wt.) 
High N vs. .35 .40 .32 .39 .31 .36 .38 .40 
Low N .35 . 38 .32 .40 .30 .36 .35 .38 
Broadcast vs. .35 .39 . 33 .39 .31 .36 .35 .38 
Injection .34 .39 .32 .40 .29 .38 .33 .40 
Trickle vs. .35 .41 .32 .39 .31 .35 .36 .42 
No trickle .36 .38 .33 .39 .32 .37 .35 .38 
aHigh N is 18g N/cm of rootstock diameter, low N is 9 g N/cm root-
stock diameter. 
Table 17. The 1978 leaf Ca concentration of 'Goldspur' as influenced by N 
rate and nitrogen application method, and of 'Chieftain' as in-
fluenced by N rate and trickle irrigation 
Nitrogen level Leaf Ca (%dry wt.) 
g N/cm of 
rootstock 
diameter 
18 g 
9 g 
--- Goldspur ---
Broadcast 
1.24 
1. 34 
Injection 
1.29 
1.12 
---Chieftain---
Trickle 
1.03 
1.16 
No trickle 
1.12 
1.03 
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Table 18. Mean comparison of the effects of nitrogen level, nitrogen 
application method, and trickle irrigation on iron and zinc 
concentration of apple leaves in 1978 and 1979 
Starkrimson GoldsQur Jon a red Chieftain 
Comparison 1978 1979 1978 1979 1978 1979 1978 1979 
Iron (ppm dry wt) 
High Na vs. 97 135 87 123 93 171 86 122 
Low N 92 136 89 118 93 158 91 119 
Broadcast vs. 94 137 88 121 95 160 89 120 
Injection 96 133 88 121 90 174 87 122 
Trickle vs. 90 129* 93 118 99 162 91 119 
No trickle 98 145 83 124 91 158 87 121 
Zinc (ppm dry wt) 
High N vs. 21 47 21 39 26 57 20 43 
Low N 22 48 21 39 27 54 21 46 
Broadcast vs. 22 47 21 39 27 53 20 44 
Injection 22 48 21 39 26 60 21 45 
Trickle vs. 20 46 20 38 28 55 21 43 
No trickle 23 49 22 40 26 52 20 40 
a High N is 18 g N/cm of rootstock diameter, low N is 9 g N/cm 
rootstock diameter. 
* Significance based on F test at 5% level. 
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Table 19. Mean comparison of the effects of nitrogen level~ nitrogen 
application method~ and trickle irrigation on manganese con-
centration of apple leaves in 1978 and 1979 
Starkrimson Gol ds~ur Jonared Chieftain 
Comparison 1978 1979 1978 1979 1978 1979 1978 1979 
Manganese (ppm dry wt} 
High Na vs. 33 35 27 35* 31** 34* 22 32* 
Low N 30 32 26 30 25 29 22 38 
Broadcast vs. 32 33 26 32 29 32 23 31 
Injection 31 32 27 35 27 32 21 29 
Trickle vs. 32 34 26 30 27 33 24 32 
No trickle 32 32 27 33 31 31 22 30 
a High N is 18 g N/cm of rootstock diameter~ low N is 9 g N/cm 
rootstock diameter. 
* ** Significance based on F test at 5% (*)and 1% (**)level. , 
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DISCUSSION 
The supplementary irrigation of deciduous fruit trees has been re-
ported by Uriu (68) to be necessary when precipitation is between 50 and 
75 em/year. Assuming a satisfactory water holding capacity of the soil, 
he suggested that irrigation was not required when rainfall is greater 
than 75 to 90 em/year. The 30 year rainfall average for most of Iowa is 
75 em/year (58). Its distribution during the growing season, however, is 
often quite erratic, making mild to severe water stress frequent enough 
for an orchardist to consider supplemental irrigation. Furthermore, 
droughts such as those that occurred in 1976 and 1977 may make irrigation 
essential. If soil moisture is limiting, the reduction that may occur in 
growth, flower bud initiation, fruit set, fruit size, yield (56, 68) and 
nutrient uptake (12, 68), can be offset by irrigation (68). 
In this study, precipitation was above normal and except for a few 
short periods in 1978, the soil moisture status was not a limiting factor 
in tree growth or productivity. Because of adequate moisture there was no 
difference in return bloom, fruit size or nutrient uptake due to trickle 
irrigation. This is not in agreement with other studies on trickle in 
subhumid or humid regions (38, 63). Lower rainfall (38) or a coarser tex-
tured soil (63) could account for this discrepancy. 
The moisture stress experienced in 1978 appeared to be long enough to 
allow trickle irrigation to have a minor influence on growth, fruit set 
and yield. The growth response to trickle irrigation was inconsistent. 
A slight increase in circumference and shoot growth occurred under trickle 
irrigation for some cultivars, while for other cultivars the opposite 
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trend was true. Similar findings of inconsistent responses of tree growth 
to trickle irrigation among some scion/rootstock combinations have been 
reported by Elfving (20). This variation in response between some culti-
vars to trickle could indicate that varying degrees of sensitivity among 
cultivars to brief periods of soil moisture depletion do exist. 
If water stress occurs during early fruit development, fruit set and 
yield can be reduced (56, 68). The short period of water stress that 
occurred in June of 1978 could account for the subsequent trend towards 
an increase in fruit set and yield for •starkrimson•, •Goldspur•, and 
•chieftain• under trickle. With •chieftain• this increase in fruit set 
and yield under trickle irrigation occurred at the low N level. Salter 
and Goode (56) reported a similar influence of moisture on fruit set, and 
concluded that the influence of soil moisture supply on fruit set may be 
due, at least in part, to its effect on N availability. This study sup-
ports their conclusion. 
One can only speculate as to the effect that trickle irrigation would 
have during drier years. But, overall, the effects that it had during 
the two years of adequate moisture in this study were minimal. Generally, 
the rainfall in Iowa is adequate to sustain productivity and since the 
occurrence of severe droughts in the subhumid Midwest are infrequent, 
occurring only twice every 20 years (32}, trickle irrigation may be of 
dubious economical advantage to the grower in the.Midwest. The slight 
gains in yield that may occur could not offset the expense of such a sys-
tem. Other irrigation systems have similarly been found economically un-
justified for other humid and subhumid regions in the United States (26). 
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Flowering, fruit development, and tree growth, are growth and devel-
opmental processes that either occur or commence early in the season and 
can be strongly influenced by early N fertilization (12). Nitrogen fer-
tilization three to four weeks prior to full bloom has been reported to 
increase the stigma receptivity period and ovule viability which can 
lengthen the effective period of pollination and thereby increase fruit 
set (12). This is especially important during poor pollination conditions, 
as was experienced for this study in 1978. Broadcast applications result-
ed in a trend towards increased fruit set for 'Chieftain' and 'Jonared' in 
1978. These results would be expected since injection treatments in 1978 
were not applied until after bloom and the initial fruit set was over, 
while broadcast applications were applied one month prior to bloom. 
In 1979, a dense bloom and mild temperatures during pollination re-
sulted in an unusually high fruit set for all cultivars. There was, how-
ever, a nonsignificant increase of fruit set for 'Chieftain' under broad-
cast fertilization. Presumably, this again, was a reflection of the time 
of application. Even though the injection application was initiated be-
fore bloom, the final application did not occur until after bloom. 
In June, after anthesis and the initial fruit set, fruit cell divi-
sion, flower bud initiation and the grand period of growth occur and 
competition among these processes for assimilates is strong (12). Thus, 
fruit size, June fruit drop, yield, bloom in the subsequent season and 
the initial growth flush depend, in part, on the early development of a 
large and efficient leaf surface for which adequate N is essential (12). 
The concentration of June leaf N would indicate if N was limiting early in 
the season. For 'Chieftain', in 1978, June leaf N was low, and could 
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account for the increase in return bloom at the high N rate. For 'Gold-
spur', 'Jonared' and 'Chieftain' reduced June N concentrations were asso-
ciated with injection and could explain the subsequent reduction of return 
bloom, fruit size and yield. 
The greater influence of N from the earlier application of broadcast 
fertilizer compared to injection was also associated with the high occur-
rence of physiological disorders in 1978. High N and low Ca in the fruit 
have been reported to result in an increase of physiological disorders 
(3, 41). Such conditions occur when low yield, as was experienced in 
1978, results in a high leaf to fruit ratio (41), or when N fertilizer 
rates are high. Calcium and N are mostly transported into the fruit dur-
ing cell division (3). Consequently, early applied N from broadcasting 
could allow for higher N concentrations in the fruit. In addition, Ca 
moves preferentially to actively growing vegetative tissue than to storage 
tissue (41}. Thus, greater vegetative growth associated with N, may have 
led to increased leaf Ca at the expense of fruit Ca (3, 41). High leaf K 
concentration and increased fruit size are also known to aggrevate these 
Ca deficient disorders (3). Increases in leaf K and Ca, and fruit size 
tend to be associated with the broadcast application of N and could ex-
plain the corresponding increase of physiological disorders. 
Based on leaf analysis, Smith et al. (63) reported that injection of 
NH4No3 through the trickle system is a more efficient method of applying 
N tha~ ground applications. For yield, their data were similar to that 
found in this study, in which there was either no difference or a reduc-
tion in yield by injection. Unlike the results in this study, Smith 
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et al. (63) found that the accumulation of leaf N under injection was very 
rapid and influenced leaf N within one week. Furthermore, N applied 
through injection achieved leaf N concentrations comparable to fall broad-
casting at twice the rate. Their conclusion that injection is an effi-
cient method of fertilizing is reasonable, since high volatilization 
losses of NH3 are probable for surface application of ammonium N forms 
or urea (1, 61), especially at elevated temperatures or pH (1). By in-
corporation of ammonium N forms or urea into the soil through injection, 
these losses could be reduced (61). Surface runoff, leaching losses, 
immobilization of Nand NH4+ fixation could also conceivably be reduced 
by applying N through trickle irrigation {46, 61). 
In this study the accumulation of leaf N was not rapid. In 1978, 
ten days after injection, the leaf N concentration under injection was 
below that of broadcast, and one month later there was no difference. In 
1979, the application of N from injection was completed before the June 
leaf sampling. Although not significant, June N concentrations under in-
jection were still slightly below that of broadcast. The data from leaf 
N concentrations, along with that from flowering and fruiting and physio-
logical disorders indicate that the application of N by injection through 
the trickle system is not a more efficient method of application than 
broadcast as reported by Smith et al. (63). In fact, it tends to indi-
cate the opposite. However, it is probably that this difference in 
application method is more a reflection of the time of application, rather 
than the method. That is, when injection was applied earlier, closer to 
the broadcast time, as it was in 1979, the differences in fruit set, 
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physiological disorders and June leaf N that were due to the application 
method in 1978, were minimized. The reason that fruit size and yield 
still tended to be greater with broadcast compared ~o injection in 1979 
could also have been a function of application time, as opposed to appli-
cation method. Apparently, in 1979, injection applications were still 
not made early enough to have a strong influence on these variables. 
The variation between this study and that reported by Smith et al. 
(63) could have been a function of N source. According to Black (8), 
different N forms have different distributions in the soil profile when 
applied through injection. Nitrate is accumulated at the fringes of 
the wetting pattern, NH4+ near the emitter, while urea tends to distrib-
ute more evenly in the profile. A difference in distribution between the 
NH4No3 applied by Smith et al. {63) and urea applied in this experiment 
could have influenced the uptake efficiency. 
The uptake of different forms of N may also influence fertilization 
efficiency. Most reports contend that urea must first be hydrolyzed to 
+ NH4 and then nitrified to N03- before any major uptake can occur (12). 
For cold soils in the spring this process may take considerable time {1). 
Titus and Catlin (66) showed, however, that rapid and direct uptake and 
transportation of urea may occur in apples. 
The possible differences in buffering and water holding capacity be-
tween the sandy loam on which Smith (61) conducted his study and the silty 
loam in this experiment could have also accounted for different results 
between these studies. 
Time of application is another factor which could have explained the 
differences in results between these studies. A direct comparison between 
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the efficiencies of the application methods can only be done if different 
methods are applied at the same time. Otherwise, results may be a func-
tion of time factors such as leaching, volatilization or environmental con-
ditions, and not the application method. The increase in efficiency re-
ported by Smith et al. (63) for June injection over fall broadcast is 
strongly biased by time. When application dates were closer, as in this 
experiment in 1979, no differences in efficiency were found. 
In this experiment, flowering and fruiting response variables were 
strongly influenced by an early application on N. This tends to indicate 
that N was a limiting factor in the spring. For response variables that 
do not have their greatest need for N early in the season, the results 
were different. The growth of shoots occurs mostly in June and July, and 
that of trunk circumference over the entire season (68), and hence their 
demand for N is over a much longer period than that of flowering and 
fruiting. The lack of any consistent response of tree growth to different 
N rates indicates that N was not limiting during the summer growing sea-
son. The ample release of N by the mineralization of organic matter could 
have accounted for this. Faust (22) reports that if average shoot growth 
is greater than 35cm, tree vigor, and thus N, are adequate. Although 
shoot growth was slightly over estimated by terminal growth, the average 
terminal was longer than 35cm, which, along with July leaf N concentra-
tions being above their critical value, supports the conclusion that N 
was not limiting during the summer. It is also possible that the heavy 
crop load experienced in 1979 and the large variation among trees, could 
have minimized the differences in growth due the treatments. 
36 
Another interesting result from this experiment is that of fruit set 
on 'Starkrimson'~ which, like other strains of 'Delicious•, is notorious 
for poor fruit set and yield. Unlike other cultivars, it had increased 
fruit set associated with injection. It is conceivable that late appli-
cation of N by injection could have reduced June drop. Although such a 
reduction of June drop by N application is well-documented (12), it has 
never been reported to be influenced by such a late application. A light 
fertilization of N, in the late spring, applied in small successive appli-
cations through trickle irrigation could be a partial solution to the 
poor fruit set of 'Delicious• and warrants further research. 
Nitrogen fertilization has been shown to have a marked influence on 
the uptake of other nutrients. Increases in leaf Mg, Mn, and Ca and de-
creases in leaf P and K can occur with N fertilization (12). As expected, 
K concentrations were slightly reduced and Mn concentrations increased at 
the high N rate. 
Although application of N through injection tended to increase P and 
decrease K and Ca, there was considerable variation among cultivars and 
between years. Because of this variation, lack of similar data in the 
literature, and bias of application method by time, it is difficult to 
make any conclusion. The slight trend for injection to decrease leaf Ca, 
and physiological disorders in 1978, and the importance of Ca in fruit 
physiology may make Ca analysis of the fruit tissue necessary before rec-
ommendations of applying N through the trickle irrigation system can be 
made. 
The performance of the trees in this experiment was markedly influ-
enced by previous environmental conditions. The droughts that occurred 
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in the preceding years, along with a late flush of growth in the fall 
of 1977, resulted in substantial winter injury and a subsequent alternate 
bearing pattern. This was especially true for 'Goldspur', which, as a 
consequence, had a yield 38 times greater in 1979 than in 1978. With the 
exception of 'Starkrimson', the only cultivar which did not have a strong 
tendency to alternate bear, tree growth rate in 1979 was markedly lower 
than in 1978. This was a result of the difference in yield between years 
and the strong capacity of a heavy crop to reduce growth (12). 
In 1978, many trees either had no yield at all or died. This, in 
addition to the initial differences between trees in size, could have 
accounted for the large variation between trees for many responses. 
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SUMMARY AND CONCLUSIONS 
Trickle irrigation and N application method trials were conducted on 
four cultivars of apple trees (Matus domestiaa Bork.) in 1978 and 1979. 
Treatments were the application of nitrogen at two levels and by three 
application methods: broadcast, broadcast with trickle irrigation, and 
the injection of N through the trickle irrigation system. 
Results indicated no marked pattern for trickle irrigation to con-
sistently affect growth, flowering, fruiting, or mineral uptake. Fruit 
set and yield were slightly increased by trickle. These responses were 
similarly not influenced by the rate of N fertilizer, expect for in-
creases in leaf Mn at the high N rate. Broadcast application of N tended 
to increase June leaf N, return bloom, fruit set, fruit size, and yield. 
Physiological disorders were reduced by injection in 1978. There were 
no consistent influences of application method on mineral uptake, except 
for June N. 
The following conclusions are evident from this study: 
1. Owing to adequate rainfall, no substantia 1 benefits were associ-
ated with trickle irrigation. The slight increase in yield obtained in 
this study would not merit the installation of such a system in the sub-
humid Midwest. 
2. Nitrogen, although not limiting during most of the growing sea-
son, was probably limiting at the beginning of the season. Thus, a grower 
could benefit by a light fertilization of N in the late fall or very 
early spring. 
3. For the conditions in this experiment, the injection of N through 
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the trickle system was not a more efficient method of fertilizing as pre-
viously reported. 
4. rJith regard to tree performance, the method of N application was 
insignificant compared to the time of application. 
5. A June application of N by injection could have a role in improv-
ing fruit set of 'Starkrimson'. This necessitates further research. 
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